Abstract. This paper proposed an ameliorate adaptive genetic algorithm where the mutation and crossover rates are adapted dynamically based on the evaluation results of the respective offspring in the next generation, simultaneously, we combined this new algorithm with PD controllers to improve the stability of control systems. The experimental results show that comparing with other researchers' approaches in this field, the PD-GA method can also significantly accelerate the system response and induce lower overshoot as well.
Introduction
Because of the advantage of simple structure, good stability and high reliability, Proportional Integral Derivative (PID) controllers have been widely used for various industrial control systems for a long time [1] . However, with the development of complexity in control objects, tuning parameters of PID controllers become more and more difficult. In order to resolve this problem, researchers enhanced a variety of improvements for PID controllers, mainly in two aspects: one is the improvement of structure, namely, variable structure control [2] ; on the other hand, combining the fuzzy theory, artificial neural networks, genetic algorithms and other intelligent control theories with conventional PID control, to play their respective advantages, that is, the so-called intelligent PID control [3] . No matter what form of the measures are adopted, the purpose of researchers are hoping that through the adjustment of PID controller parameters system can obtain a better dynamic stability characteristics than before.
This paper presents a PD-GA method to improve the stability of control systems. This method effectively integrates the merit of each, at the same time actuates the formulation of the problem that we want to solve becomes more concise than the PID approaches. In addition, a new dynamic adaptive genetic algorithm is putted forward which possesses better solution quality and efficiency than others.
Adaptive Genetic Algorithm
Consider the offspring generated from two parents after only one crossover operation. Employ CO off be the fitness sum of the two offspring and CO par represents the fitness sum of the parent. Then, the progress value of crossover CO can be derived by:
For a generation experiences N co crossover operations, the average crossover progress value is:
Similarly, the progress value of just undergoing one mutation operation M is:
And the average mutation progress value can be obtained by:
where M aft is the fitness of the offspring, M bef is the fitness of the original individual and N m is the frequency of mutation in a generation.
Step1=Step2= (P max P min ) { + arctan [k* (1 2 )]} + P min .
It can be seen that the graph of the function (5) has a relatively smooth camber at both ends and the middle section is very close to the linear relationship. In this paper, P max , P min and k are assigned the values of 0.05, 0.005 and 10 respectively; P c and P m are the same number of 0.5.
This kind of interaction between crossover and mutation in adapting the operator rates guarantees a better performance than that of previous schemes [6] .
PD-GA Method
This paper adopted a typical second-order system as the adjustment object. The method is depicted as follows:
Firstly, considering the PD regulation for second-order systems.
PD(s) = K p + K d s .
where and n represent the natural frequency and damping ratio, K p and K d are the proportional and derivative gain of PD controller.
Then, the closed loop transfer function (s) can be deduced by:
= .
As for (s), we make its poles (s1, s2) and zeros (z) satisfy the following conditions:
That is:
Then, the dynamic properties of (s) can be estimated by the paramters of s1 and s2. We calculate the rise time T r , settling time T s and overshoot as follows:
where T p represents the peak time. Therefrom, the fitness functions (this definition method is similar like [7] ) of the ameliorate adaptive genetic algorithm can be derivate by:
Experimental Results
Suppose a second-order system whose transfer function is (Fig.2 shows the unit step of it):
Here, we also compare the simulation results of our method with that of other researchers. In Fig.1 . the blue curve ① is the step response of PID controllers tuning based on the self-organization genetic algorithm with cyclic mutation method [8] . The green curve ② is that of the PD-GA method. 
Conclusion
Talking about the prospect of the application, regulators that based on the intelligent algorithms will become more and more dominant in this field. The reason is not only because their improving effectiveness is better than other approaches (such as the Ziegle-Nichols rules and Nonlinear PID controller) [9] , but also due to the convenience of setting constraints and optimization objective. In this paper, we exclusively tired using PD controllers to improve the dynamic performance of systems, which is totally distinguish from the typical PID method, but the performance showed a slightly exaltation.
Actually, with the development of the control technology, the demands of stability and accuracy on equipments have become more and more stringent. Therefore, eliminating the disturbances and noises of system will be our future work
